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Research Highlights: 1 
 A modified ovulation synchronisation protocol for Brahman heifers is investigated. 2 
 Outcomes are assessed over multiple cohorts of Brahman heifers. 3 
 A practical alternative for fixed-time AI in Bos indicus heifers is proposed. 4 
 Management factors that affect fixed-time AI in Bos indicus heifers are explored. 5 
 6 
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Abstract 38 
Pregnancy rates (PR) to fixed-time AI (FTAI) in Brahman heifers were compared 39 
after treatment with a traditional oestradiol-based protocol (OPO-8) or a modified protocol 40 
(OPO-6) where the duration of intravaginal progesterone releasing device (IPRD) was 41 
reduced from 8 to 6 days, and the interval from IPRD removal to oestradiol benzoate (ODB) 42 
was increased from 24 to 36 h. Rising 2 yo heifers on Farm A: (n=238 and n=215; two 43 
consecutive days AI); B (n=271); and C (n=393) were allocated to OPO-8 or OPO-6. An 44 
IPRD was inserted and 1 mg ODB i.m. on Day 0 for OPO-8 heifers and Day 2 for OPO-6 45 
heifers. On Day 8, the IPRD was removed and 500 μg cloprostenol i.m. At 24 h, for OPO-8 46 
heifers, and 36 h, for OPO-6 heifers, post IPRD removal all heifers received 1 mg ODB i.m. 47 
FTAI was conducted at 54 and 72 h post IPRD removal for OPO-8 and OPO-6 heifers. At 48 
Farm A, OPO-6 heifers, AI on the second day, the  PR was 52.4% to FTAI (P=0.024) 49 
compared to 36.8% for OPO-8 heifers. However, no differences were found between OPO-8 50 
and OPO-6 protocols at Farm A (first day of AI) (39.9 vs. 35.7%), or Farms B (26.2 vs. 51 
35.4%) and C (43.2% vs. 40.3%). Presence of a corpus luteum at IPRD insertion affected PR 52 
to FTAI (43.9% vs. 28.8%; P<0.001). This study has shown that the modified ovulation 53 
synchronisation protocol OPO-6 may be a viable alternative to the OPO-8 protocol for FTAI 54 
in B. indicus heifers.  55 
 56 
Keywords 57 
Bos indicus; Brahman; progesterone; fixed-time artificial insemination; ovulation 58 
synchronization; welfare 59 
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 60 
Abbreviations 61 
IPRD = intravaginal progesterone releasing device; P4 = progesterone; ODB = oestradiol 62 
benzoate; FTAI = fixed-time artificial insemination; PR = pregnancy rate; BCS = body 63 
condition score; CL = corpus luteum; GnRH = gonadotrophin releasing hormone; PGF2α = 64 
prostaglandin F2α ; LW = Liveweight;  65 
 66 
1. Introduction 67 
Improvements in pregnancy rates (PR) to fixed-time artificial insemination (FTAI) 68 
have been associated with an increased length of the interval from intravaginal progesterone 69 
(P4) releasing device (IPRD) removal to ovulation in gonadotrophin releasing hormone 70 
(GnRH) based ovulation synchronisation protocols in both heifers and cows (Bridges et al., 71 
2008; Colazo and Ambrose, 2011). Current ovulation synchronisation protocols for FTAI in 72 
Bos indicus heifers involve treatment with oestradiol benzoate (ODB) an IPRD usually for 8 73 
days, prostaglandin F2α (PGF2α) and induction of ovulation with ODB 24 h after IPRD 74 
removal (Bo et al., 2003). With these protocols FTAI is recommended at 54 h after IPRD 75 
removal (Bo et al., 2003). Edwards et al. (2014) has recently investigated the impact on 76 
ovarian function of a modified ovulation synchronisation protocol in which the duration from 77 
IPRD removal to induction of ovulation with ODB was increased from 24 to 36 h, and the 78 
duration of IPRD insertion was reduced from 8 to 6 days. These modifications resulted in 79 
increases in the duration from IPRD removal to ovulation (approximately 13 h), the diameter 80 
of the dominant follicle at the time of FTAI and the proportion of heifers that ovulated. These 81 
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are considered key indicators of the likelihood of conception after FTAI (Sá Filho et al., 82 
2010). However, the fertility of heifers after treatment with this modified ovulation 83 
synchronisation protocol and FTAI has not been investigated. 84 
The timing of AI after use of the traditional oestradiol-based ovulation 85 
synchronisation protocols is problematic for northern Australian beef herds as the 86 
recommended time for FTAI is 54 h after the removal of the IPRD, which frequently means 87 
that FTAI is conducted around mid-day. The majority of northern herds are bred during the 88 
summer months to maintain an optimal calving window (MLA, 2006), and thus FTAI is 89 
commonly conducted when the temperature and humidity is maximal (Bureau of Meterology, 90 
2014). An ovulation synchronisation protocol that permits FTAI at dawn or early morning, 91 
yet maintains practical timing for hormonal treatments, would enable insemination at the 92 
coolest time of the day and hence improve the welfare of heifers and personnel (Petherick, 93 
2005) and potentially increase reproductive performance (Burns et al., 2010).  94 
The objective of this study was to compare the pregnancy rate to FTAI of 95 
commercially managed Brahman heifers treated with a traditional oestradiol-based protocol 96 
and the modified protocol described by Edwards et al. (2014). 97 
 98 
2. Materials and methods 99 
2.1 Heifer selection and management 100 
The study was conducted during late spring to summer on three farms located across 101 
Queensland (QLD), Australia. Farm A (22º57’27.55”S, 149º25’39.68”E) and Farm B 102 
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(23º33’42.42”S, 149º3’17.91”E) were located in central QLD and Farm C (20°12’27.25”S, 103 
140°22’59.30”E) was located in north QLD. Ethical approval was granted by The University 104 
of QLD’s Animal Ethics Committee – approval number: SVS/210/11/MLA. All animal 105 
husbandry practices were conducted in line with the model code of practice for the welfare of 106 
animals for cattle (Primary Industries Standing Committee, 2004). All animals used in the 107 
study were representative of replacement Brahman (B. indicus) heifers annually mated in 108 
northern Australia.  109 
 110 
2.1.1 Farm A 111 
All heifers at this farm were born and raised at the property. Heifers were managed in a 112 
1500 ha paddock prior to the trial and a 90 ha paddock during the trial and grazed pastures 113 
that were primarily comprised of Buffel grass (Cenchrus ciliaris) and Rhodes grass (Chloris 114 
gayana). Animal handling facilities were equipped with water, hay feeders and shade and had 115 
appropriately fenced holding paddocks. Heifers did not experience withdrawal from feed or 116 
water throughout the study. Prior to the study, heifers were managed as two separate cohorts 117 
(Stud; n = 160 and Commercial; n = 293).  118 
 119 
2.1.2 Farm B 120 
All heifers at this farm were born and raised at the property. Heifers were managed in 121 
a 607 ha paddock prior to and during the trial and grazed pastures that were primarily 122 
comprised of Buffel grass (Cenchrus ciliaris). Animal handling facilities did not have water, 123 
hay feeders or shade, and as a consequence heifers experience durations (up to 12 h) when 124 
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brought in for hormonal treatments and AI without feed or water. All heifers were managed 125 
as one cohort. 126 
 127 
2.1.3 Farm C 128 
Heifers at this farm were comprised of purchased yearlings (Purchased; n = 156) and 129 
born on the property (Homebred; n = 343) animals. Heifers were managed in a 365 ha 130 
paddock prior to the study and a 102 ha paddock during the study and grazed pastures that 131 
were primarily comprised of Mitchell grass (Astrebla spp.) and Blue grass (Dichanthium 132 
sericium). Animal handling facilities were equipped with water, hay feeders and shade and 133 
had appropriately fenced holding paddocks. Heifers did not experience withdrawal from feed 134 
or water throughout the study. All heifers were managed as one cohort. 135 
 136 
2.2 Heifer allocation procedure 137 
At the commencement of the study at each farm (Day 0) all heifers were evaluated 138 
and allocated to treatment protocols as described by Butler et al. (2011). Briefly, each heifer 139 
underwent a reproductive exam by transrectal ultrasonography using a SonoSite M-Turbo 140 
ultrasound machine equipped with a L52X/10-5 mHz linear array transrectal transducer 141 
(SonoSite Inc., Bothel, WA, USA). The presence or absence of a corpus luteum (CL), as 142 
described by Kastelic (1990), pregnancy status and any abnormalities of the genital tract were 143 
recorded. At the same time the body condition score (BCS; 1 to 5 (Jephcott and Norman, 144 
2004)) and the liveweight (LW) of heifers were recorded. Heifers were rejected from the 145 
study if LW was < 280 kg (Farm A: n = 1, Farm B: n = 1 and Farm C: n = 16), BCS < 2 146 
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(Farm C: n = 3), they were pregnant (Farm A: n = 30, Farm B: n = 16, and Farm C: n = 8), 147 
lactating (Farm A: n = 2),  had an immature reproductive tract (Gutierrez et al., 2014) (Farm 148 
A: n = 6, Farm B: n = 2 and Farm C: n = 1), abnormal reproductive tract (Farm A: n = 2 and 149 
Farm C: n = 2) or had poor temperament (Fordyce et al., 1988) (Farm B: n = 1 and Farm C: n 150 
= 2).  151 
Heifers selected for the study (Farm A: n = 453, B: n = 271 and C: n = 393) were 152 
allocated alternately as they presented to the handling facility to two treatment protocols: i) 153 
traditional oestradiol-based protocol: OPO-8 and ii) modified protocol: OPO-6 (details 154 
outlined in section 2.2). All heifers on Farms B and C were inseminated on one day. To 155 
ensure all heifers were inseminated within a 4 h window as per protocol, heifers on Farm A 156 
were subdivided into two similar size groups (A1: n = 238 and A2: n = 215). Heifers were 157 
subdivided by visual selection prior to allocation, allowing treatment and insemination to be 158 
conducted on two consecutive days. The allocation procedure was retrospectively analysed 159 
on a per farm basis to identify any bias with respect to LW, BCS and presence of CL 160 
according to treatment protocol, day of AI at Farm A, Commercial or Stud heifers at Farm A 161 
and Purchased and Homebred heifers at Farm C.  162 
 163 
2.3 Ovulation synchronisation protocols 164 
Details of ovulation synchronisation treatments are outlined in Figure 1. On Day 0, 165 
every heifer in the OPO-8 protocol and on Day 2 every heifer in the OPO-6 protocol had a 166 
half-dose IPRD (Cue-Mate
®
; 0.78 g P4; Bioniche Animal Health, Aust/Asia, Sydney, NSW, 167 
Australia) inserted intravaginally prepared according to Butler et al. (2011). At the same time 168 
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the IPRD was inserted, all heifers received 1 mg ODB (Cidirol
®
, Genetics Australia, Bacchus 169 
Marsh, VIC, Australia) i.m. On Day 8, the IPRD was removed from all heifers and every 170 
heifer received 500 µg cloprostenol (PGF2α; Ovuprost
TM
; Bayer Australia) i.m. At 24 h after 171 
IPRD removal all heifers in the OPO-8 protocol received 1 mg ODB i.m. and 36 h after IPRD 172 
removal heifers in the OPO-6 protocol received 1 mg ODB i.m. On Day 10, 54 h after IPRD 173 
removal, all heifers in the OPO-8 protocol were FTAI. On Day 11, 72 h after IPRD removal, 174 
all heifers in the OPO-6 protocol were FTAI.  175 
 176 
(Insert Figure 1 near here) 177 
 178 
2.4 Artificial insemination and pregnancy diagnosis. 179 
Every heifer was inseminated using frozen-thawed semen. Various AI sires were used 180 
on Farm A (n = 24), B (n = 10) and C (n = 10) and these were allocated alternately at each 181 
farm as heifers presented for FTAI. Semen straws were thawed at 35 ºC for 30 s prior to 182 
loading the insemination gun. The entire semen dose (0.25 mL straws) was placed in the 183 
body of the uterus. All batches of semen used were analysed prior to commencement of study 184 
and found to have acceptable post-thaw quality; concentration > 80 x 10
6
 sperm/mL; > 35% 185 
total motility and > 13% progressive motility. Inseminations were performed by experienced 186 
technicians. At Farm A inseminations occurred in one crush with Technician 1 inseminating 187 
and Technicians 2 and 3 relieving Technician 1 when fatigued. At Farm B, inseminations 188 
occurred in one crush by Technician 4. At Farm C, inseminations occurred in two crushes 189 
operating simultaneously by Technicians 4 and 5. Allocation of technicians was 190 
retrospectively analysed to identify potential bias. Foetal aging was performed approximately 191 
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12 weeks after FTAI using transrectal ultrasonography to determine whether females were 192 
pregnant to FTAI.  193 
 194 
2.5 Statistical analysis 195 
Data were analysed using GenStat 14
th
 edition (GenStat, 2013). The LW and BCS at 196 
allocation were analysed by fitting general linear mixed models using residual maximum 197 
likelihood (REML) methods. Presence of CL at allocation and the PR to FTAI were analysed 198 
by fitting general linear models with a binomial distribution and logit link. Analyses were 199 
first performed separately for Farms to incorporate the difference in design and management 200 
structure and then pooled for an overall analysis to test factors common to all three Farms. 201 
Allocation analyses tested the difference in LW, BCS and presence of CL with respect 202 
to Commercial or Stud heifers and Day of AI (A1 or A2) at Farm A, Purchased or Homebred 203 
heifers at Farm C, Technician at Farms A and C and OPO protocol and Sire at all Farms. 204 
Analyses of the PR to FTAI tested the effects of the factors listed above as well as presence 205 
of CL, LW Category (280 to 300 kg; 300 to 325 kg; 325 to 350 kg; 350 to 375 kg; 375 to 400 206 
kg and > 400 kg) and BCS. All 3-way interactions between Stud and Commercial heifers at 207 
Farm A, Homebred and Purchased at Farm C, Day of AI at Farm A, OPO protocol and 208 
presence of CL were initially included with any non-significant interaction dropped from the 209 
model via backward selection. 210 
If differences were found to be significant in either the continuous or binomial data, 211 
then pairwise least significant differences were used to determine which levels of factors 212 
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were significantly different. Significance was set at P < 0.05. Predicted means were 213 
backtransformed for presentation of the binomial data. 214 
 215 
3. Results 216 
 217 
3.1 Retrospective analysis of treatment allocation 218 
At commencement of treatments to synchronise ovulation (Day 0), heifers allocated to 219 
the OPO-8 treatment had a lower mean live-weight than the OPO-6 heifers on Farms A and C 220 
(mean difference: ~14 and 10 kg, respectively; P < 0.001) but not on Farm B (P = 0.222). On 221 
Farm A the mean BCS of the OPO-8 heifers was lower than the OPO-6 protocol (mean 222 
difference of 0.1; P < 0.001), but not different on Farms B and C (P = 0.559 and P = 0.288, 223 
respectively). The proportion of heifers with a CL at Day 0 did not differ between treatment 224 
groups on Farm A, B or C (P = 0.055, P = 0.448, and P = 0.644, respectively). Heifers 225 
allocated to AI technician at Farm A and C did not significantly differ with respect to LW, 226 
BCS or percentage with a CL (P = 0.564, P = 0.339, and P = 0.968, respectively). Differences 227 
in BCS for heifers AI on the two consecutive days at Farm A (mean difference: 0.14; P < 228 
0.001) and origin of heifers at Farm C (mean difference: 0.08; P = 0.014). Retrospective 229 
analysis confirmed there was no bias in sire allocation at each farm with respect to LW (P = 230 
0.215, P = 0.071 and P = 0.647, respectively), BCS (P = 0.320, P = 0.277 and P = 0.911, 231 
respectively), and presence of a CL (P = 0.528, P = 0.332 and P = 0.442, respectively).  232 
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When data was analysed across all farms heifers at Farm B had a higher mean LW 233 
and BCS (382.6 ± 1.7 kg and 3.80 ± 0.02) compared to those on Farms A (343.0 ± 1.6 kg and 234 
3.36 ± 0.01) and C (337.9 ± 1.7 and 3.42 ± 0.01) (P < 0.001). The proportion of heifers with a 235 
CL on Day 0 on Farm A (62%) was lower than on Farm C (71.2%; P = 0.018) but similar to 236 
those on Farm B (66.8%). 237 
 238 
3.2. Effect of ovulation synchronisation treatment on pregnancy rates to fixed-time 239 
artificial insemination. 240 
Overall, there was no significant difference in PR between the two synchronisation 241 
protocols (Table 1). However, at Farm A, a significant interaction was observed, with the 242 
second day of AI; OPO-6 heifers achieved a significantly higher PR (52.4%) to FTAI than 243 
OPO-8 heifers (36.8%).  No significant differences were found between treatments at Farms 244 
B and C (Table 1).  245 
 246 
(Insert Table 1 near here) 247 
 248 
3.3. Heifer level factors affecting pregnancy rates to fixed-time artificial insemination. 249 
The presence of a CL at the time of commencement of ovulation synchronisation 250 
treatments affected PR to FTAI. When all farms were included in the analysis, heifers with a 251 
CL present had a significantly higher PR to FTAI than heifers that did not have a CL present 252 
(Table 2). When farms were analysed separately, it was found that Farm B heifers that had a 253 
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CL present had a higher PR to FTAI (P = 0.049) than heifers that did not have a CL (Table 254 
2). At Farm A, an interaction between ovulation synchronisation treatment and presence of 255 
CL was observed, with heifers in the OPO-6 protocol with a CL present having a higher PR 256 
to FTAI (P = 0.032) than heifers that did not have a CL (Table 2). At Farm C, there was a 257 
trend for heifers with a CL to have a higher PR to FTAI than those without a CL (44.0 % and 258 
36.0 %, respectively; P = 0.142)  259 
 260 
(Insert Table 2 near here) 261 
 262 
The LW category of heifers at commencement of treatments to synchronise ovulation 263 
did not have a significant effect on the PR to FTAI when data from all farms were analysed 264 
together. The BCS at commencement of treatments to synchronise ovulation did not 265 
significantly affect PR to FTAI at Farms A and C, but at Farm B heifers with a higher BCS 266 
achieved a higher PR (P = 0.043) (Figure 2).  267 
 268 
(Insert Figure 2 near here) 269 
 270 
4. Discussion 271 
Edwards et al. (2014) investigated the ovarian response of Brahman heifers treated 272 
with a modified ovulation synchronisation protocol (OPO-6), and demonstrated some 273 
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improvements in dominant follicle diameter at FTAI and the proportion of heifers that 274 
synchronously ovulated as compared to heifers treated with the traditional oestradiol-based 275 
protocol (OPO-8 protocol). This study has evaluated the outcome of the field use of the 276 
modified ovulation synchronisation protocol proposed by Edwards et al. (2014). It has 277 
demonstrated that use of the OPO-6 protocol in Brahman heifers results in PR to FTAI very 278 
similar or in some cases higher than those achieved following use of the traditional 279 
oestradiol-based protocol (OPO-8). Further the OPO-6 protocol enables both the hormonal 280 
treatments and AI to be conducted during the coolest periods of the day which in northern 281 
Australia is logistically important and improves animal welfare. The apparent improvement 282 
in ovarian response to the OPO-6 protocol observed by Edwards et al. (2014) is consistent 283 
with the  similar or higher PR to FTAI observed in the OPO-6 group compared to the OPO-8 284 
group in this study. Importantly, use of the OPO-6 protocol did not result in any significantly 285 
lower PR to FTAI when compared to the OPO-8 traditional oestradiol-based protocol.  286 
Various studies have demonstrated a benefit in increasing the proestrus period in 287 
GnRH and IPRD based ovulation synchronisation protocols (Bridges et al., 2008; Bridges et 288 
al., 2010; Colazo and Ambrose, 2011). The basis of development of the OPO-6 protocol 289 
reported by Edwards et al. (2014) was to improve growth and maturation of the DF. This was 290 
achieved by both shortening the period of IPRD insertion and increasing the interval between 291 
IPRD removal and ODB treatment to induce ovulation, the latter effectively increasing the 292 
duration of proestrus. The growth of the DF can be retarded if P4 levels are high and 293 
oestradiol concentrations are low during the point of deviation (Beg et al., 2003). Growth of 294 
the DF is important in an ovulation synchronisation protocol as the response to induction of 295 
ovulation is increased when the DF has had sufficient time to reach maturity (Burke et al., 296 
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2001; Gimenes et al., 2008). Maturation of the ovulatory follicle also has an important role in 297 
embryonic development primarily through the increased secretion of oestradiol that is 298 
instrumental in preparation of the follicle for luteinisation, oocyte maturation and uterine 299 
preparation for pregnancy (Geary et al., 2013). Edwards et al. (2014) demonstrated that the 300 
OPO-6 protocol significantly increased the duration of the time from IPRD removal to 301 
induction of ovulation (~13 h), thus enabling the ovulatory follicle further time to grow and 302 
mature normally. 303 
Nutritional homeostasis is an important factor to achieve optimal PR to FTAI. 304 
Brahman heifers that have high circulating insulin-like growth factor 1 and high circulating 305 
glucose prior to ovulation synchronisation are more likely to respond normally to ovulation 306 
synchronisation treatment (Butler et al., 2012). Acute dietary restriction can reduce dominant 307 
follicle growth rate and increase prevalence of disturbances in ovulation after treatments to 308 
synchronise ovulation (Mackey et al., 1999). Although standard husbandry practices at Farm 309 
B were no different to A and C, the heifers at Farm B were subjected to periods of dietary and 310 
environmental stress due to suboptimal handling facilities. At Farm B predicted pregnancy 311 
rates of heifers increased with increasing BCS. This implies that heifers with high BCS could 312 
withstand the periods of physiological stress without impeding ovarian function. Thus, good 313 
handling facilities that provide adequate feed, water and shade are imperative in the 314 
implementation of FTAI programmes. 315 
Generally the CL can be observed by transrectal ultrasonography from the day of 316 
ovulation into the next oestrous cycle (Kastelic et al., 1990). This infers that the majority of 317 
heifers in this study that did not present with a CL were pre-pubertal rather than in a stage of 318 
the oestrous cycle where the CL was not detectable using ultrasound. Studies have indicated 319 
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that the presence of a CL at IPRD insertion does not always result in a higher PR to FTAI. Sa 320 
Filho et al. (2010) found Nelore heifers with a CL present prior to treatment with norgestomet 321 
for ovulation synchronisation had a significantly higher PR to FTAI. However, Butler et al. 322 
(2011) and Edwards et al. (2012) found that CL presence at IPRD insertion in Brahman 323 
heifers had no effect of the PR to FTAI. Nevertheless, this field investigation has shown that 324 
the presence of a CL resulted in a 15% increase in PR to FTAI, regardless of the ovulation 325 
synchronisation protocol treatment used. The increase in PR to FTAI could be due to higher 326 
circulating P4 associated with the presence of a functional CL, although only one ovarian 327 
examination was performed. Thus it cannot be inferred whether the observed effect was 328 
related to higher circulating P4 or that the heifers had reached puberty and had commenced 329 
cycling normally. It has previously been shown that a five day IPRD insertion period, 330 
allowed a sufficient P4 priming period to induce cycling in anoestrous beef cows (Smith et 331 
al., 1987). Therefore it is assumed that the six day insertion of an IPRD containing half the 332 
standard dose of P4 (0.78 g), as used in this study, is sufficient for P4 priming of the 333 
anoestrous Bos indicus heifer. This is supported by the evidence that this dose of P4 in 334 
Brahman heifers results in circulating P4 levels representative of the basal concentrations of a 335 
cycling Bos indicus heifer (Edwards et al., 2013).  336 
In conclusion the findings from this study demonstrate that the modified protocol 337 
(OPO-6) proposed by Edwards et al (2014) is an effective and practical alternative to the 338 
traditional oestradiol-based protocol (OPO-8) for Brahman heifers in northern Australia. 339 
Further, large scale evaluation of this new protocol in other tropical environments is 340 
recommended.  341 
 342 
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 39 
Abstract 40 
This study compared the pPregnancy rates (PR) to fixed-time AI (FTAI) in Brahman 41 
heifers treated were compared withafter treatment with a traditional oestradiol-based 42 
protocolthe best practice protocol (OPO-8) or a modified protocol (OPO-6) in whichwhere 43 
the duration of intravaginal progesterone releasing device (IPRD) was reduced from 8 to 6 44 
days, and the interval from IPRD removal to induction of ovulation with oestradiol benzoate 45 
(ODB) was increased from 24 to 36 h. Rising 2 yo heifers on Farm A: (n=238 and n=215; 46 
two consecutive days AI); B (n=271); and C (n=393) were allocated to OPO-8 or OPO-6. An 47 
IPRD was inserted and 1 mg ODB i.m. on Day 0 for OPO-8 heifers and Day 2 for OPO-6 48 
heifers. On Day 8, the IPRD was removed and 500 μg cloprostenol i.m. At 24 h, for OPO-8 49 
heifers, and 36 h, for OPO-6 heifers, post IPRD removal all heifers received 1 mg ODB i.m. 50 
FTAI was conducted at 54 and 72 h post IPRD removal for OPO-8 and OPO-6 heifers. At 51 
Farm A, OPO-6 heifers, AI on the second day, had the a higher PR was 52.4% to FTAI 52 
(P=0.024) compared to than the36.8% for OPO-8 heifers. However, no differences were 53 
found between OPO-8 and OPO-6 protocols at Farm A (first day of AI) (39.9 vs. 35.7%), or 54 
Farms B (26.2 vs. 35.4%) and C (43.2% vs. 40.3%). Presence of a corpus luteum at IPRD 55 
insertion affected PR to FTAI (43.9% vs. 28.8%; P<0.001). This study has shown that the 56 
modified ovulation synchronisation protocol OPO-6 may be a viable alternative to the best 57 
practiceOPO-8 protocol for FTAI in B. indicus heifers.  58 
 59 
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 61 
Bos indicus; Brahman; progesterone; fixed-time artificial insemination; ovulation 62 
synchronization; welfare 63 
 64 
Abbreviations 65 
 66 
IPRD = intravaginal progesterone releasing device; P4 = progesterone; ODB = oestradiol 67 
benzoate; FTAI = fixed-time artificial insemination; PR = pregnancy rate; BCS = body 68 
condition score; CL = corpus luteum; GnRH = gonadotrophin releasing hormone; PGF2α = 69 
prostaglandin F2α ; LW = Liveweight;  70 
 71 
1. Introduction 72 
Improvements in pregnancy rates (PR) to fixed-time artificial insemination (FTAI) 73 
have been associated with an increased length of the interval from intravaginal progesterone 74 
(P4) releasing device (IPRD) removal to ovulation in gonadotrophin releasing hormone 75 
(GnRH) based ovulation synchronisation protocols in both heifers and cows (Bridges et al., 76 
2008; Colazo and Ambrose, 2011). Current ovulation synchronisation protocols for FTAI in 77 
Bos indicus heifers involve treatment with oestradiol benzoate (ODB) an IPRD usually for 8 78 
days, prostaglandin F2α (PGF2α) and induction of ovulation with ODB 24 h after IPRD 79 
removal (Bo et al., 2003). With these protocols FTAI is recommended at 54 h after IPRD 80 
removal (Bo et al., 2003). Edwards et al. (2014) has recently investigated the impact on 81 
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ovarian function of a modified ovulation synchronisation protocol in which the duration from 82 
IPRD removal to induction of ovulation with ODB was increased from 24 to 36 h, and the 83 
duration of IPRD insertion was reduced from 8 to 6 days. These modifications resulted in 84 
increases in the duration from IPRD removal to ovulation (approximately 13 h), the diameter 85 
of the dominant follicle at the time of FTAI and the proportion of heifers that ovulated. These 86 
are considered key indicators of the likelihood of conception after FTAI (Sá Filho et al., 87 
2010). However, the fertility of heifers after treatment with this modified ovulation 88 
synchronisation protocol and FTAI has not been investigated. 89 
The timing of AI after use of the current ‘best practice’traditional oestradiol-based 90 
ovulation synchronisation protocols is problematic for northern Australian beef herds as the 91 
recommended time for FTAI is 54 h after the removal of the IPRD, which frequently means 92 
that FTAI is conducted around mid-day. The majority of northern herds are bred during the 93 
summer months to maintain an optimal calving window (MLA, 2006), and thus FTAI is 94 
commonly conducted when the temperature and humidity is maximal (Bureau of Meterology, 95 
2014). An ovulation synchronisation protocol that permits FTAI at dawn or early morning, 96 
yet maintains practical timing for hormonal treatments, would enable insemination at the 97 
coolest time of the day and hence improve the welfare of heifers and personnel (Petherick, 98 
2005) and potentially increase reproductive performance (Burns et al., 2010).  99 
The objective of this study was to compare the pregnancy rate to FTAI of 100 
commercially managed Brahman heifers treated with the current best practicea traditional 101 
oestradiol-based protocol and the modified protocol described by Edwards et al. (2014). 102 
 103 
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2. Materials and methods 104 
2.1 Heifer selection and management 105 
The study was conducted during late spring to summer on three farms located across 106 
Queensland (QLD), Australia. Farm A (22º57’27.55”S, 149º25’39.68”E) and Farm B 107 
(23º33’42.42”S, 149º3’17.91”E) were located in central QLD and Farm C (20°12’27.25”S, 108 
140°22’59.30”E) was located in north QLD. Ethical approval was granted by The University 109 
of QLD’s Animal Ethics Committee – approval number: SVS/210/11/MLA. All animal 110 
husbandry practices were conducted in line with the model code of practice for the welfare of 111 
animals for cattle (Primary Industries Standing Committee, 2004). All animals used in the 112 
study were representative of replacement Brahman (B. indicus) heifers annually mated in 113 
northern Australia.  114 
 115 
2.1.1 Farm A 116 
All heifers at this farm were born and raised at the property. Heifers were managed in a 117 
1500 ha paddock prior to the trial and a 90 ha paddock during the trial and grazed pastures 118 
that were primarily comprised of Buffel grass (Cenchrus ciliaris) and Rhodes grass (Chloris 119 
gayana). Animal handling facilities were equipped with water, hay feeders and shade and had 120 
appropriately fenced holding paddocks. Heifers did not experience withdrawal from feed or 121 
water throughout the study. Prior to the study, heifers were managed as two separate cohorts 122 
(Stud; n = 160 and Commercial; n = 293).  123 
 124 
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2.1.2 Farm B 125 
All heifers at this farm were born and raised at the property. Heifers were managed in 126 
a 607 ha paddock prior to and during the trial and grazed pastures that were primarily 127 
comprised of Buffel grass (Cenchrus ciliaris). Animal handling facilities did not have water, 128 
hay feeders or shade, and as a consequence heifers experience durations (up to 12 h) when 129 
brought in for hormonal treatments and AI without feed or water. All heifers were managed 130 
as one cohort. 131 
 132 
2.1.3 Farm C 133 
Heifers at this farm were comprised of purchased yearlings (Purchased; n = 156) and 134 
born on the property (Homebred; n = 343) animals. Heifers were managed in a 365 ha 135 
paddock prior to the study and a 102 ha paddock during the study and grazed pastures that 136 
were primarily comprised of Mitchell grass (Astrebla spp.) and Blue grass (Dichanthium 137 
sericium). Animal handling facilities were equipped with water, hay feeders and shade and 138 
had appropriately fenced holding paddocks. Heifers did not experience withdrawal from feed 139 
or water throughout the study. All heifers were managed as one cohort. 140 
 141 
2.2 Heifer allocation procedure 142 
At the commencement of the study at each farm (Day 0) all heifers were evaluated 143 
and allocated to treatment protocols as described by Butler et al. (2011). Briefly, each heifer 144 
underwent a reproductive exam by transrectal ultrasonography using a SonoSite M-Turbo 145 
ultrasound machine equipped with a L52X/10-5 mHz linear array transrectal transducer 146 
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(SonoSite Inc., Bothel, WA, USA). The presence or absence of a corpus luteum (CL):, as 147 
described by Kastelic (1990)), pregnancy status and any abnormalities of the genital tract 148 
were recorded. At the same time the body condition score (BCS; 1 to 5 (Jephcott and 149 
Norman, 2004)) and the liveweight (LW) of heifers were recorded. Heifers were rejected 150 
from the study if LW was < 280 kg (Farm A: n = 1, Farm B: n = 1 and Farm C: n = 16), BCS 151 
< 2 (Farm C: n = 3), they were pregnant (Farm A: n = 30, Farm B: n = 16, and Farm C: n = 152 
8), lactating (Farm A: n = 2),  had an immature reproductive tract (Gutierrez et al., 2014) 153 
(Farm A: n = 6, Farm B: n = 2 and Farm C: n = 1), abnormal reproductive tract (Farm A: n = 154 
2 and Farm C: n = 2) or had poor temperament (Fordyce et al., 1988) (Farm B: n = 1 and 155 
Farm C: n = 2).  156 
Heifers selected for the study (Farm A: n = 453, B: n = 271 and C: n = 393) were 157 
allocated alternately as they presented to the handling facility to two treatment protocols: i) 158 
current best practicetraditional oestradiol-based protocol: OPO-8 and ii) modified protocol: 159 
OPO-6 (details outlined in section 2.2). All heifers on Farms B and C were inseminated on 160 
one day. To ensure all heifers were inseminated within a 4 h window as per protocol, heifers 161 
on Farm A were subdivided into two similar size groups (A1: n = 238 and A2: n = 215). 162 
Heifers were subdivided by visual selection prior to allocation, allowing treatment and 163 
insemination to be conducted on two consecutive days. The allocation procedure was 164 
retrospectively analysed on a per farm basis to identify any bias with respect to LW, BCS and 165 
presence of CL according to treatment protocol (Table 1), day of AI at Farm A, Commercial 166 
or Stud heifers at Farm A and Pur hased and Homebred heifers at Farm C (Table 2).  167 
 168 
(Insert Table 1 and Table 2 near here) 169 
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 170 
2.3 Ovulation synchronisation protocols 171 
Details of ovulation synchronisation treatments are outlined in Figure 1. On Day 0, 172 
every heifer in the OPO-8 protocol and on Day 2 every heifer in the OPO-6 protocol had a 173 
half-dose IPRD (Cue-Mate
®
; 0.78 g P4; Bioniche Animal Health, Aust/Asia, Sydney, NSW, 174 
Australia) inserted intravaginally prepared according to Butler et al. (2011). At the same time 175 
the IPRD was inserted, all heifers received 1 mg ODB (Cidirol
®
, Genetics Australia, Bacchus 176 
Marsh, VIC, Australia) i.m. On Day 8, the IPRD was removed from all heifers and every 177 
heifer received 500 µg cloprostenol (PGF2α; Ovuprost
TM
; Bayer Australia) i.m. At 24 h after 178 
IPRD removal all heifers in the OPO-8 protocol received 1 mg ODB i.m. and 36 h after IPRD 179 
removal heifers in the OPO-6 protocol received 1 mg ODB i.m. On Day 10, 54 h after IPRD 180 
removal, all heifers in the OPO-8 protocol were FTAI. On Day 11, 72 h after IPRD removal, 181 
all heifers in the OPO-6 protocol were FTAI.  182 
 183 
(Insert Figure 1 near here) 184 
 185 
2.4 Artificial insemination and pregnancy diagnosis. 186 
Every heifer was inseminated using frozen-thawed semen. Various AI sires were used 187 
on Farm A (n = 24), B (n = 10) and C (n = 10) and these were allocated alternately at each 188 
farm as heifers presented for FTAI. Semen straws were thawed at 35 ºC for 30 s prior to 189 
loading the insemination gun. The entire semen dose (0.25 mL straws) was placed in the 190 
Formatted: Font: Bold, Italic
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body of the uterus. All batches of semen used were analysed prior to commencement of study 191 
and found to have acceptable post-thaw quality; concentration > 1 80 x 10
8
 10
6
 sperm/mL; > 192 
35% total motility and > 13% progressive motility. Inseminations were performed by 193 
experienced technicians. At Farm A inseminations occurred in one crush with Technician 1 194 
inseminating and Technicians 2 and 3 relieving Technician 1 when fatigued. At Farm B, 195 
inseminations occurred in one crush by Technician 4. At Farm C, inseminations occurred in 196 
two crushes operating simultaneously by Technicians 4 and 5. Allocation of technicians was 197 
retrospectively analysed to identify potential bias (Table 2). Foetal aging was performed 198 
approximately 12 weeks after FTAI using transrectal ultrasonography to determine whether 199 
females were pregnant to FTAI.  200 
 201 
2.5 Statistical analysis 202 
Data were analysed using GenStat 14
th
 edition (GenStat, 2013). The LW and BCS at 203 
allocation were analysed by fitting general linear mixed models using residual maximum 204 
likelihood (REML) methods. Presence of CL at allocation and the PR to FTAI were analysed 205 
by fitting general linear models with a binomial distribution and logit link. Analyses were 206 
first performed separately for Farms to incorporate the difference in design and management 207 
structure and then pooled for an overall analysis to test factors common to all three Farms. 208 
Allocation analyses tested the difference in LW, BCS and presence of CL with respect 209 
to Commercial or Stud heifers and Day of AI (A1 or A2) at Farm A, Purchased or Homebred 210 
heifers at Farm C, Technician at Farms A and C and OPO protocol and Sire at all Farms. 211 
Analyses of the PR to FTAI tested the effects of the factors listed above as well as presence 212 
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of CL, LW Category (280 to 300 kg; 300 to 325 kg; 325 to 350 kg; 350 to 375 kg; 375 to 400 213 
kg and > 400 kg) and BCS. All 3-way interactions between Stud and Commercial heifers at 214 
Farm A, Homebred and Purchased at Farm C, Day of AI at Farm A, OPO protocol and 215 
presence of CL were initially included with any non-significant interaction dropped from the 216 
model via backward selection. 217 
If differences were found to be significant in either the continuous or binomial data, 218 
then pairwise least significant differences were used to determine which levels of factors 219 
were significantly different. Significance was set at P < 0.05. Predicted means were 220 
backtransformed for presentation of the binomial data. 221 
 222 
3. Results 223 
 224 
3.1 Retrospective analysis of treatment allocation 225 
At commencement of treatments to synchronise ovulation (Day 0), heifers allocated to 226 
the OPO-8 treatment had a lower mean live-weight than the OPO-6 heifers  on Farms A and 227 
C (mean difference: ~14 and 10 kg, respectively; P < 0.001)  but not on Farm B (P = 0.222) 228 
(Table 1). On Farm A the mean BCS of the OPO-8 heifers was lower than the OPO-6 229 
protocol (mean difference of 0.1; P < 0.001), but not different on Farms B and C (Table 1P = 230 
0.559 and P = 0.288, respectively). The proportion of heifers with a CL at Day 0 did not 231 
differ between treatment groups on any of the enrolled farmsFarm A, B or C (Table 1P = 232 
0.055, P = 0.448, and P = 0.644, respectively). Heifers allocated to AI technician at Farm A 233 
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and C did not significantly differ with respect to LW, BCS or percentage with a CL (Table 2P 234 
= 0.564, P = 0.339, and P = 0.968, respectively). Differences in BCS for heifers AI on the 235 
two consecutive days at Farm A (mean difference: 0.14; P < 0.001) and between class or 236 
origin of heifers were noted on Farms A andat Farm C (Table 2mean difference: 0.08; P = 237 
0.014). Retrospective analysis confirmed there was no bias in sire allocation at each farm 238 
with respect to LW (P = 0.215, P = 0.071 and P = 0.647, respectively), BCS (P = 0.320, P = 239 
0.277 and P = 0.911, respectively), and presence of a CL (P = 0.528, P = 0.332 and P = 240 
0.442, respectively).  241 
When data was analysed across all farms heifers at Farm B had a higher mean LW 242 
and BCS (382.6 ± 1.7 kg and 3.80 ± 0.02) compared to those on Farms A (343.0 ± 1.6 kg and 243 
3.36 ± 0.01) and C (337.9 ± 1.7 and 3.42 ± 0.01) (P < 0.001; Table 3). The proportion of 244 
heifers with a CL on Day 0 on Farm A (62%) was lower than on Farm C (71.2%; P = 0.018; 245 
Table 3).) but similar to those on Farm B (66.8%). 246 
 247 
(Insert Table 3 near here) 248 
 249 
3.2. Effect of ovulation synchronisation treatment on pregnancy rates to fixed-time 250 
artificial insemination. 251 
Overall, there was no significant difference in PR between the two synchronisation 252 
protocols (Table 41). However, at Farm A, a significant difference interaction was observed, 253 
with the on the second day of AI; OPO-6 heifers achieved a significantly higher PR (52.4%) 254 
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to FTAI than OPO-8 heifers (36.8%).  No significant differences were found between 255 
treatments at Farms B and C (Table 41).  256 
 257 
(Insert Table 4 1 near here) 258 
 259 
3.3. Heifer level factors affecting pregnancy rates to fixed-time artificial insemination. 260 
The presence of a CL at the time of commencement of ovulation synchronisation 261 
treatments affected PR to FTAI. When all farms were included in the analysis, heifers with a 262 
CL present had a significantly higher PR to FTAI than heifers that did not have a CL present 263 
(Table 52). When farms were analysed separately, it was found that Farm B heifers that had a 264 
CL present had a higher PR to FTAI (P = 0.049) than heifers that did not have a CL (Table 265 
52). At Farm A, an interaction between ovulation synchronisation treatment and presence of 266 
CL was observed, with heifers in the OPO-6 protocol with a CL present having a higher PR 267 
to FTAI (P = 0.032) than heifers that did not have a CL (Table 52). At Farm C, there was a 268 
trend for heifers with a CL to have a higher PR to FTAI than those without a CL (44.0 % and 269 
36.0 %, respectively; P = 0.142)  270 
 271 
(Insert Table 5 2 near here) 272 
 273 
The LW category of heifers at commencement of treatments to synchronise ovulation 274 
did not have a significant effect on the PR to FTAI when data from all farms were analysed 275 
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together. When farms were analysed separately, PR to FTAI was significantly different 276 
between weight categories at Farm B, but not at Farms A or C (Table 6). The BCS at 277 
commencement of treatments to synchronise ovulation did not significantly affect PR to 278 
FTAI at Farms A and C, but at Farm B heifers with a higher BCS achieved a higher PR (P = 279 
0.043) (Figure 2).  280 
 281 
(Insert Table Figure 62 near here) 282 
 283 
4. Discussion 284 
Edwards et al. (2014) investigated the ovarian response of Brahman heifers treated 285 
with a modified ovulation synchronisation protocol (OPO-6), and demonstrated some 286 
improvements in dominant follicle diameter at FTAI and the proportion of heifers that 287 
synchronously ovulated as compared to heifers treated with the current best 288 
practicetraditional oestradiol-based protocol (OPO-8 protocol). This study has evaluated the 289 
outcome of the field use of the modified ovulation synchronisation protocol proposed by 290 
Edwards et al. (2014). It has demonstrated that use of the OPO-6 protocol in Brahman heifers 291 
results in PR to FTAI very similar or in some cases higher than those achieved following use 292 
of the traditional oestradiol-based current best practice protocol (OPO-8). Further the OPO-6 293 
protocol enables both the hormonal treatments and AI to be conducted during the coolest 294 
periods of the day which in northern Australia is logistically important and improves animal 295 
welfare. The apparent improvement in ovarian response to the OPO-6 protocol observed by 296 
Edwards et al. (2014) is consistent with the  similar or higher PR to FTAI observed in the 297 
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OPO-6 group compared to the OPO-8 group in this study. Importantly, use of the OPO-6 298 
protocol did not result in any significantly lower PR to FTAI when compared to the OPO-8 299 
traditional oestradiol-based best practice protocol.  300 
Various studies have demonstrated a benefit in increasing the proestrus period in 301 
GnRH and IPRD based ovulation synchronisation protocols (Bridges et al., 2008; Bridges et 302 
al., 2010; Colazo and Ambrose, 2011). The basis of development of the OPO-6 protocol 303 
reported by Edwards et al. (2014) was to improve growth and maturation of the DF. This was 304 
achieved by both shortening the period of IPRD insertion and increasing the interval between 305 
IPRD removal and ODB treatment to induce ovulation, the latter effectively increasing the 306 
duration of proestrus. The growth of the DF can be retarded if P4 levels are high and 307 
oestradiol concentrations are low during the point of deviation (Beg et al., 2003). Growth of 308 
the DF is important in an ovulation synchronisation protocol as the response to induction of 309 
ovulation is increased when the DF has had sufficient time to reach maturity (Burke et al., 310 
2001; Gimenes et al., 2008). Maturation of the ovulatory follicle also has an important role in 311 
embryonic development primarily through the increased secretion of oestradiol that is 312 
instrumental in preparation of the follicle for luteinisation, oocyte maturation and uterine 313 
preparation for pregnancy (Geary et al., 2013). Edwards et al. (2014) demonstrated that the 314 
OPO-6 protocol significantly increased the duration of the time from IPRD removal to 315 
induction of ovulation (~13 h), thus enabling the ovulatory follicle further time to grow and 316 
mature normally. 317 
Nutritional homeostasis is an important factor to achieve optimal PR to FTAI. 318 
Brahman heifers that have high circulating insulin-like growth factor 1 and high circulating 319 
glucose prior to ovulation synchronisation are more likely to respond normally to ovulation 320 
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synchronisation treatment (Butler et al., 2012). Acute dietary restriction can reduce dominant 321 
follicle growth rate and increase prevalence of disturbances in ovulation after treatments to 322 
synchronise ovulation (Mackey et al., 1999). Although standard husbandry practices at Farm 323 
B were no different to A and C, the heifers at Farm B were subjected to periods of dietary and 324 
environmental stress due to suboptimal handling facilities. At Farm B predicted pregnancy 325 
rates of heifers increased with increasing BCS. This implies that heifers with high BCS could 326 
withstand the periods of physiological stress without impeding ovarian function. Thus, good 327 
handling facilities that provide adequate feed, water and shade are imperative in the 328 
implementation of FTAI programmes. 329 
Generally the CL can be observed by transrectal ultrasonography from the day of 330 
ovulation into the next oestrous cycle (Kastelic et al., 1990). This infers that the majority of 331 
heifers in this study that did not present with a CL were pre-pubertal rather than in a stage of 332 
the oestrous cycle where the CL was not detectable using ultrasound. Studies have indicated 333 
that the presence of a CL at IPRD insertion does not always result in a higher PR to FTAI. Sa 334 
Filho et al. (2010) found Nelore heifers with a CL present prior to treatment with norgestomet 335 
for ovulation synchronisation had a significantly higher PR to FTAI. However, Butler et al. 336 
(2011) and Edwards et al. (2012) found that CL presence at IPRD insertion in Brahman 337 
heifers had no effect of the PR to FTAI. Nevertheless, this field investigation has shown that 338 
the presence of a CL resulted in a 15% increase in PR to FTAI, regardless of the ovulation 339 
synchronisation protocol treatment used. The increase in PR to FTAI could be due to higher 340 
circulating P4 associated with the presence of a functional CL, although only one ovarian 341 
examination was performed. Thus it cannot be inferred whether the observed effect was 342 
related to higher circulating P4 or that the heifers had reached puberty and had commenced 343 
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cycling normally. It has previously been shown that a five day IPRD insertion period, 344 
allowed a sufficient P4 priming period to induce cycling in anoestrous beef cows (Smith et 345 
al., 1987). However, there are no published studies that have investigated whether a 346 
shortened duration of P4 priming (6 days), with an IPRD containing half the standard dose of 347 
P4 (0.78 g) in the OPO-6 protocol, is sufficient for induction of cyclicity in B. indicus heifers. 348 
However at Farm A, in heifers presenting with a CL had a significantly higher PR when 349 
OPO-6 protocol was applied. This implies that heifers with higher circulating P4 are able to 350 
compensate for the reduction in IPRD insertion time that occurs in the OPO-6 protocol, 351 
allowing for sufficient P4 priming to occur in 6 days resulting in a fertile ovulation.Therefore 352 
it is assumed that the six day insertion of an IPRD containing half the standard dose of P4 353 
(0.78 g), as used in this study, is sufficient for P4 priming of the anoestrous Bos indicus 354 
heifer. This is supported by the evidence that this dose of P4 in Brahman heifers results in 355 
circulating P4 levels representative of the basal concentrations of a cycling Bos indicus heifer 356 
(Edwards et al., 2013).  357 
In conclusion the findings from this study demonstrate that the modified protocol 358 
(OPO-6) proposed by Edwards et al (2014) is an effective and practical alternative to the 359 
traditional oestradiol-based current best practice protocol (OPO-8) for Brahman heifers in 360 
northern Australia. Further, large scale evaluation of this new protocol in other tropical 361 
environments is recommended.  362 
 363 
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Table 4 1 – The effect of ovulation synchronisation treatment (OPO-8 or OPO-6)1 on pregnancy rate (PR) to fixed-1 
time artificial insemination (FTAI) in Brahman heifers on three different Farms (A, B and C) and the interaction of 2 
Day of artificial insemination (AI)2. Superscripts (a,b) indicates significant difference within Farm P<0.05. 3 
 4 
  Ovulation synchronisation treatment
1
  
Farm Day of AI
2
 PR to OPO-8 PR to OPO-6 P-value 
A 
A1 46/115 (39.9 %)
b
 42/123 (35.7 %)
b
 
0.024 
A2 39/103 (36.8 %)
b
 57/112 (52.4 %)
a
 
B - 35/128 (26.2 %) 50/143 (35.4 %) 0.090 
C - 85/196 (43.2 %) 79/197 (40.3 %) 0.570 
Total - 205/542 (37.6 %) 228/575 (40.0 %) 0.413 
1 Ovulation synchronisation treatments: OPO-8: 1 mg oestradiol benzoate (ODB) + intravaginal progesterone releasing 
device (IPRD) inserted for 8 d, injection of 500 µg cloprostenol (PGF2α) at IPRD removal and 1 mg ODB 24 h later. 
FTAI at 54 h post IPRD removal. OPO-6: 1 mg ODB + IPRD inserted for 6 days, injection of 500 µg PGF2α at IPRD 
removal and 1 mg ODB 36 h later. FTAI at 72 h post IPRD removal. 
2 Day of AI (A1 or A2): FTAI occurred over two days at Farm A to enable all inseminations to occur within 4 h for each 
protocol.  
 
 5 
 6 
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Table 5 2 – Pregnancy rate (PR) to fixed-time artificial insemination (FTAI) in Brahman heifers on three different 1 
farms (A, B and C) and the effect of the presence or absence of a corpus luteum (CL)1 and the interaction of ovulation 2 
synchronisation treatment protocol (OPO-6 or OPO-8)1. Superscripts (a,b,c) differ significantly (P<0.05) within farm. 3 
 4 
  Presence or absence of CL on Day 0
2
  
Farm 
Ovulation 
synchronisation 
treatment
1
 
CL No CL P-value 
A 
OPO-8 61/144 (42.7 %)
b
 24/74 (31.4 %)
bc
 
0.032 
OPO-6 74/137 (55.4 %)
a
 25/98 (24.5 %)
c
 
B OPO-6 + OPO-8 67/181 (35.0 %)
a
 18/90 (23.1 %)
b
 0.049 
C OPO-6 + OPO-8 123/280 (44.0 %) 41/113 (36.0 %) 0.142 
Total OPO-6 + OPO-8 325/742 (43.9 %)
a
 108/375 (28.8 %)
b
 <0.001 
 1 Ovulation synchronisation treatments: OPO-8: 1 mg oestradiol benzoate (ODB) + intravaginal progesterone releasing device 
(IPRD) inserted for 8 d, injection of 500 µg cloprostenol (PGF2α) at IPRD removal and 1 mg ODB 24 h later. FTAI at 54 h post 
IPRD removal. OPO-6: 1 mg ODB + IPRD inserted for 6 days, injection of 500 µg PGF2α at IPRD removal and 1 mg ODB 36 h 
later. FTAI at 72 h post IPRD removal. 
2 Presence of a CL on the day of insertion of the intravaginal progesterone releasing device (IPRD; Day 0) diagnosed by 
transrectal ultrasonography. 
 
 5 
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Figure 1 – Treatment schedule for Brahman heifers treated to synchronise ovulation for fixed-time 1 
artificial insemination (FTAI) with intravaginal progesterone (P4) releasing devices (IPRD), oestradiol 2 
benzoate (ODB) and prostaglandin F2α (PGF2α). Heifers were enrolled in either the OPO-8 or OPO-6 3 
treatment protocols. 4 
 5 
 6 
Figure 1 - caption
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Figure 2 – The relationship between body condition score and predicted probability of becoming pregnant to fixed-1 
time artificial insemination at Farm A (P = 0.786), Farm B (P = 0.043) and Farm C (P = 0.603) in Brahman heifers 2 
treated to synchronise ovulation with intravaginal progesterone releasing devices, oestradiol benzoate and 3 
prostaglandin F2α, See text for detailed description..  4 
 5 
 6 
Figure 2 caption marked
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